In E. coli the determination of the middle of the cell and the proper placement of the septum is essential to the division of the cell. This step depends on the proteins MinC, MinD, and MinE. Exposure to a constant external field e.g., an electric field or magnetic field may cause the bacteria cell division mechanism to change resulting in an abnormal cytokinesis. To have insight into the effects of an external field on this process, we model the process using a set of the deterministic reaction diffusion equations, which incorporate the influence of an external field, min protein reactions, and diffusion of all species. Using the numerical method, we have found some changes in the dynamics of the oscillations of the min proteins from pole to pole when compared that of without the external field. The results show some interesting effects, which are qualitatively in good agreement with some experimental results.
I. INTRODUCTION
In nature, the cell division or cytokinesis process is a crucial event in the life of every organism. Most bacteria divide symmetrically in a process that is subject to extensive regulation to ensure that both newly formed daughter cells contain a copy of the chromosome. Symmetric division seems very simple yet is poorly understood on a molecular biological level. For Escherichia coli and other rod-like bacteria, evidences have accumulated over the past few years which indicate that the separation into two daughter cells is achieved by forming a septum perpendicular to parent cell's long axis.
To induce the separation, the FtsZ ring (Z ring), a tubulin-like GTPase is believed to initiate and guide the septa growth by a process called contraction (Lutkenhaus 1993 ).
The Z ring is usually positioned close to the center, but it can also form in the vicinity of the cell poles. Two processes are known to regulate the placement of the division site: nucleoid occlusion (Woldringh 1991 ) and the action of the min proteins (de Boer 1989). Both processes interfere with the formation of the Z ring that determines the division site. Nucleoid occlusion is based on cytological evidence that indicates that P. Kanthang et al. page 3 assembly is allowed at the middle of the cell but is blocked at the other sites (de Boer 1989) . In the absence of the MinE, the MinC/MinD is distributed homogeneously over the entire membrane. This results in a complete blockage of the Z-ring formation. The long filamentous cells, which are subsequently formed would not be able divide (Hu 1999 , Raskin 1999a , Raskin 1999b , Rowland 2000 . Using fluorescent labeling, the MinE was shown to attach to the cell wall only in the presence of the MinD (Huang 2003 , Raskin 1997 . As MinD dictates the location of MinC, the latter would oscillate by itself. This would result in the concentration of the division inhibitor at the membrane on either cell end, alternating between being high or very low every other 20 s or so (Hu 1999 , Raskin 1999a . The presence of MinE is not only required for the MinC/MinD oscillation, it is also involved in setting the frequency of the oscillation cycle (Raskin 1999b). Several sets of evidence indicate that the MinE localization cycle is tightly coupled to the oscillation cycle of MinD.
Recent microscopy of the fluorescent labeled proteins involved in the regulation of E. coli division have uncovered stable and coherent oscillations (both spatial and temporal) of these three proteins (Hale 2001 ). The proteins oscillate from one end to the other end of the bacterium, moving between the cytoplasmic membrane and cytoplasm. The detail mechanism by which these proteins determine the correct position of the division plane is currently unknown, but the observed pole-to-pole oscillations of the corresponding distribution are thought to be of functional importance. Under different culture conditions and/or environment changes, (e.g., pH, light, and external field) the pole-to-pole oscillations could affect the growth of the bacteria. Here we discuss only the effects of a magnetic field.
Magnetic fields (MF) can affect various biological functions of living organisms, e.g., DNA synthesis and transcription (Phillips 1992), as well as ion transportation through cell membranes (Liburdy 1993) . Almost all living organism experience magnetic fields arising from one or another sources. The strength of the geomagnetic field on the surface of the earth is approximately 0.50-0.75 gauss.
There have been several studies over the past decades on the effects of exposure to the P. Kanthang et al. page 4 magnetic field and several of them have produced conflicting results. The growth rate of the Burgundy wine yeast is seen to decrease when an extremely low magnetic flux density (MFD) of 4 gauss is applied (Kimball 1938) . However, the growth of Trichomonas vaginalis is accelerated when it is exposed to 460-1200 gauss (Genkov 1974 ). The growth of Bacillus subtilis increases when exposed to 150 gauss and decreases when exposed to more than 300 gauss (Moore 1979). Similar results are reported for Chlorella, an exposure of less than 400 gauss increases the growth, while exposure to 580 gauss decreases the growth (Takahashi 1985) . Most studies point to the magnetic field influencing the growth and survival of the living organisms In the present work, we use a novel approach to investigate the influence of the constant external fields on the cytokinesis mediated by min protein pole-to-pole oscillation. We propose a mathematical model and then numerically solve it to study how the min protein oscillation mechanism for the bacteria cell division may change.
II. Model
The most natural process can be described by the reaction-diffusion equations which have often been used in biological applications to model self-organization and pattern formation (Nicolis 1977). These mathematical models have two sub component processes. The first process is the reaction process which represents the kinetic behavior with the given time such as the self-organization of the biological system. The second process is the diffusion process which represents the random motion of the system. For the molecular level, the diffusion process due to the random motion of molecules in a medium. 
In this paper, we assume that the diffusion coefficients ) , , , (
isotropic and independent of x . The constant 1 σ represents the association of MinD to the membrane wall (Takahashi 1985 σ ′ corresponds to the cytoplasmic MinD suppressing the release of the membrane-bound MinE.
The novel feature of our model is the second terms on the right hand side.
They represent the effect of the external field in the reaction-diffusion equation (Zemskov 2003 , Munuzuri 1995 controlled by the external field parameter. These terms reflect the fact that the external field can influence the change in the concentrations of min proteins at each position in E. coli cell and at any given time. If the field parameter is very large, the dynamics of Min system would then be totally controlled by the external field.
In the present work, we consider an external field of constant strength. We assume that the min proteins can bind/unbind from the membrane and that the protein does not degraded during the process. The total amounts of each type of min proteins are conserved. The zero flux boundary conditions are imposed. This boundary condition gives a closed system.
III. Numerical results and discussion
We consider the situation where the external fields have the influence throughout the cell including the cytoplasm and the cell membrane. We have
numerically solved the one-dimensional coarse-grained equations (1) membrane. This behavior means that the total dynamic of the Min system will be characterized by the dynamics of the min proteins on or near the membrane. Our numerical solutions show that the behavior of the Min system acted on by a constant field will depend on the strengths of the external field parameter ) (J .
In Figure (1) , we show that the space-time plots which represent the movement of the min proteins from pole to pole. When applied the strengths of the external field by increasing the external field parameters ) (J . We see that the strengths of concentration of the min proteins increase at the left pole explicitly. This behavior mean that the Min system controlled by the strengths of the external field.
In Figure ( 
IV. CONCLUDING REMARKS
According to the some current theories for the division process of the bacteria is 
